Transition metal catalyzed or assisted C-C bond forming reactions of olefins and alkynes have become a powerful tool in organic synthesis [2a, b] . In contrast, the use of 1,2-diazenes (RN=NR), which are isoelectronic with olefins, in similar reactions to form C-N bonds, has been limited to a few cases [2c] . All of these are concerned with aromatic 1,2-diazenes. Octacarbonyldicobalt catalyzes the carbonylation to 2,4-quinazolinediones and 2-aryl-3-indazolineones [3 a] , and the reaction with isonitriles to indazolo [2,la] indazoles [4 a] . These products are very likely formed via ortho-metallated intermediates since orthopalladated azobenzenes undergo the same, although stoichiometric, reactions [3b, 4b], Dicarbonylcyclopentadienylcobalt assists the carbonylation to 2-benzimidazolinones [5] and octacarbonyldicobalt induces a stoichiometric reaction with hexafluoro-2-butyne and carbon monoxide to l-(arylamino)-2-quinolinones [6] .
In the following we describe in detail the previously communicated [7] iron carbonyl assisted synthesis of l,2-diazepin-3-ones, a novel heterocyclic ring system from aliphatic eis-1,2-diazenes and alkynes. The overall reaction (a, Scheme 1) may be viewed as a cyclooligomerization of the 1,2-diazene with carbon monoxide and two molecules of the alkyne. This reaction sequence demonstrates that the otherwise quite unreactive N=N bond can be activated by com-* Reprint requests to Prof. Dr. H. Kisch. New address:
Institut für Anorganische Chemie der Universität Erlangen-Nürnberg, Egerlandstr. 1, D-8520 Erlangen, W.-Germany. 0340-5087/85/0200-0187/$ 01.00/0 plexation to undergo C-N bond formation with alkynes. In the organic chemistry of the N=N group, reactions with unsaturated hydrocarbons are known to occur only if the diazene group is activated by electron withdrawing groups in the a,a'-position, like the Diels-Alder reaction with dienes [8] , or if favoured by a special steric situation like the intramolecular [2+2] photocycloaddition with a C=C bond [9] .
Results and Discussion
We have recently observed that the easily obtainable hexacarbonyldiiron complexes of cyclic 1,2-diazenes afford, upon irradiation in the presence of alkynes, cycloaddition products [10] (steps b, c, Scheme 1) which are thermally transformed to the very stable 2,3,1-diazaferroles [11, 12] , These react thermally or photochemically with a second molecule of an alkyne to yield the tricyclic double-addition products of type I-III [11, 13] .
Heating lb in vacuo affords tricarbonyl(tetraphenylcyclobutadiene)iron and denitrogenation products of the 1-pyrazoline [11] . Oxidative degradation with Br 2 in HOAc/CH 2 Cl 2 leads to the pyrazolodiazepinone lb (59% yield). The same procedure gives la, 2a, lc and 2c which have different substituents at the diazepinone ring. This demonstrates that the nature of the diazene and alkyne part in the double-addition products does not change the general reaction course. However, the absence of phenyl groups in IIIc (Scheme 1, the labelling cor- responds to that of la-3c in Fig. 1 ) induces a strong increase in the undesired mellitic acid hexamethylester (50% yield as compared to 5% in the case of lie), while compound 3c is not isolated. Formation of this by-product may be rationalized via cyclotrimerization of dimethyl acetylenedicarboxylate generated from the diazaferrole ring by a-and y-bond cleavages. When phenyl groups are present (R or R' = Ph), tetracyclone is isolated as the most important by-product (5-10% yield). From the chromatographic separation of la, small amounts of a carbonyl-free solid, probably a pyrazolopyridazine, were obtained by elution with MeOH as a further byproduct.
Other oxidizing agents like Me 3 NO in acetone [14] need higher temperatures (60 °C) and long reaction times (8-10 h) as compared to the few minutes sufficient for the bromine oxidation. The latter can be conveniently monitored by measuring the volume of CO evolved which always equals two moles per one mole of la-IIc. When CuCl 2 -2H 2 0 in acetone is used, the yield of the diazepinone decreases to 15-20% while tetracyclone becomes the major product (37% in the case of Ic). The commonly used (NH 4 ) 2 Ce(N0 3 ) 6 gives rise to a complicated product mixture not further investigated.
The proposed structure of these bicyclic diazepinones was based on chemical and spectral properties [7] and has now been confirmed by an X-ray analysis of lb (vide infra). The characteristic carbonylhydrazido IR bands at 1625 -1670 cm -1 agree well with the values known for a few similar seven-membered rings [15] . The mass spectra of all the products exhibit the molecular peak and in the case of R,R'^C0 2 Me two typical fragmentation patterns. One is a type of [2+2] cycloreversion of M + to the corresponding cyclopentadienone and cyclic diazene. The latter is observed not directly but as its characteristic denitrogenation products. Loss of CO from the cyclopentadienone affords cyclobutadiene fragment ions. This fragmentation parallels the formation of tetraphenyl- cyclobutadiene tricarbonyliron by vacuum pyrolyses of double addition products with R=R'=Ph while in the case of R=C0 2 Me (lie, IIIc) no cyclobutadiene complexes could be detected. The second fragmentation pattern starts with loss of an R'CCO fragment to give a pyrazolopyrazolium ion. The latter is the base peak in the spectra of la and 2a while the relative intensity is only 4 and 6% in the case of lb and lc, respectively. Compound 2 c has a typical methyl ester fragmentation pattern.
The
NMR spectra (see Exp. Section) contain straight forward extractable structural information only in the case of la, 2a. Two broad singulets of the diazene bridgehead protons H m n confirm the unsymmetrical bonding of the diazanorbornane part to the dienone moiety. The assignment of the larger (5-value to H m is based on shift experiments with (pivaloyl) 3 Eu. Bond angles
The results of the X-ray structural analysis of lb are summarized in Fig. 2 details are given in Table II , III and in ref. [16] . 
General procedure
A solution of 2 mmol of Br 2 in 10 ml of glacial acetic acid/CH 2 Cl 2 = 2/3 (v/v) is added dropwise during 2-3 min to a stirred solution of 1 mmol of the double addition product [11] (I-III) in 40 ml of the same solvent mixture. When CO evolution has ceased, excess Br 2 is removed by addition of aqueous Na 2 S0 3 . After separation of the organic phase, the aqueous phase is extracted with CH 2 C1 2 (3 x 30 ml). The unified organic phase is washed first with 10% Na 2 C0 3 and then with water to neutrality, dried over Na 2 S0 4 , and concentrated in vacuo. Isolation is performed by column chromatography using Kieselgel-40 (Fa. Woelm) or Florisil (60-100 mesh, Fa. .Roth, in the case of lc) as adsorbent. The small amounts of tetracyclone (lilac color) are first eluted with CH 2 C1 2 while the products are obtained with CH 2 Cl 2 /MeOH = 19/1 (la), CH 2 Cl 2 /MeOH = 9/1 (lb), C 6 H 6 /Et 2 0 = 3/1 (2 a), CH 2 Cl 2 /EtO Ac = 2.5/1 (1 c), and QltyEtO Ac = 1.5/1 (2c) as eluents. 
